We conducted a systematic review to evaluate the burden of late vitamin K deficiency bleeding (VKDB) and the effect of vitamin K prophylaxis on the incidence of VKDB. We searched MEDLINE and other electronic databases, and included all observational studies including population surveys as well as randomized controlled trials (RCT). The median (interquartile range) burden of late VKDB was 35 (10.5 to 80) per 100 000 live births in infants who had not received prophylaxis at birth; the burden was much higher in low-and middle-income countries as compared with high-income countries-80 (72 to 80) vs 8.8 (5.8 to 17.8) per 100 000 live births. Two randomized trials evaluated the effect of intramuscular (IM) prophylaxis on the risk of classical VKDB. Although one trial reported a significant reduction in the incidence of any bleeding (relative risk (RR) 0.73, 95% confidence interval (CI) 0.56 to 0.96) and moderate to severe bleeding (RR 0.19, 0.08 to 0.46; number needed to treat (NNT) 74, 47 to 177), the other trial demonstrated a significant reduction in the risk of secondary bleeding after circumcision in male neonates (RR 0.18, CI 0.08 to 0.42; NNT 9, 6 to 15). No RCTs evaluated the effect of vitamin K prophylaxis on late VKDB. Data from four surveillance studies indicate that the use of IM/subcutaneous vitamin K prophylaxis could significantly reduce the risk of late VKDB when compared with no prophylaxis (pooled RR 0.02; 95% CI 0.00 to 0.10). When compared with IM prophylaxis, a single oral dose of vitamin K increased the risk of VKDB (RR 24.5; 95% CI 7.4 to 81.0) but multiple oral doses did not (RR 3.64; CI 0.82 to 16.3). There is low-quality evidence from observational studies that routine IM administration of 1 mg of vitamin K at birth reduces the incidence of late VKDB during infancy. Given the high risk of mortality and morbidity in infants with late VKDB, it seems appropriate to administer IM vitamin K prophylaxis to all neonates at birth. Future studies should compare the efficacy and safety of multiple oral doses with IM vitamin K and also evaluate the optimal dose of vitamin K in preterm neonates.
INTRODUCTION
Vitamin K is essential for the γ-carboxylation of glutamic acid residues of coagulant factors II, VII, IX and X. Deficiency of vitamin K leads to inadequate activity of these factors, resulting in bleeding. As opposed to adults, neonates have reduced stores of vitamin K at birth owing to insufficient placental transfer. 1 This is compounded by deficient vitamin K content in breast milk 2 resulting in higher levels of proteins induced in the absence of vitamin K in breastfed neonates. 3 Vitamin K deficiency bleeding (VKDB) is usually categorized into three major groups based on the age of onset: early (first 24 h of life), classical (second to seventh day) and late (2 to 12 weeks of life). Although early VKDB is due to placental transfer of maternal drugs that inhibit vitamin K activity, the classical form occurs because of the low intake via breast milk. Late VKDB is often linked to malabsorption secondary to liver disease and poor intake of vitamin K. Intracranial bleeding (30 to 60%) is the predominant manifestation of late onset VKDB, whereas bleeding from the gastrointestinal tract and/or umbilicus is the usual presenting feature in classical disease. 4 The high rates of mortality and morbidity following VKDB-particularly late VKDB-raised a call for an effective preventive strategy in the early 1900s.
A large study published in The Lancet in the 1940s showed a fivefold reduction in death from hemorrhage in infants who were given 1 mg of vitamin K3 (menadione) at delivery. The results generated a huge interest in routine vitamin K prophylaxis. 5 With the introduction of the natural, fat-soluble vitamin K1 (phylloquionone) in place of synthetic vitamin K3 (that was associated with increased risk of hemolysis and kernicterus), most countries started using routine prophylaxis. 6 However, the strategy of routine prophylaxis is not free of any pitfalls. The usual prophylactic dose (1 mg) is~1000 times more than the daily requirement. Experimental studies have shown increased sister chromatid exchange in lymphocyte suspensions and mutagenic activity at such high concentrations. Also, intramuscular (IM) administration can cause local trauma, injury to vessels and nerves, abscesses and muscle hematoma. Not surprisingly, some countries are reluctant about universal prophylaxis and instead practice selective prophylaxis to at-risk neonates only.
Given the lack of consensus, the WHO (World Health Organization) did not make a universal recommendation on routine vitamin K prophylaxis in the first edition of its Pocket book of hospital care for children. 7 Instead, it advised health providers to follow their respective national guidelines to decide the need for prophylaxis. 7 In 2010, WHO reviewed the available evidence on key questions including routine vitamin K prophylaxis to update the recommendations in the second edition of its Pocket book of hospital care for children. 8 As a part of this process, we conducted the present systematic review to synthesize the evidence on the need for and efficacy of vitamin K prophylaxis at birth.
METHODS

Objectives and outcomes
The two major objectives of this review were to evaluate: (1) the burden of VKDB by estimating the incidence of late VKDB in infants who did not receive vitamin K prophylaxis at birth; and (2) the effect of vitamin K prophylaxis on the incidence of classical and late VKDB in neonates and infants up to 1 year of age.
Types of studies For objective 1, we included prospective and retrospective cohort studies as well as cross-sectional surveys; for objective 2, we included randomized controlled trials and ecological/nationwide surveillance studies. Studies from both high-income and low-and middle-income countries (LMICs) were considered for inclusion in the review.
Types of participants Studies reporting data on neonates and infants up to the age of 1 year were eligible for inclusion.
Types of interventions Intervention (for objective 2): administration of vitamin K in the first 24 h after birth, irrespective of the route (oral/IM), dose (single/multiple) or preparation (K1/K2/K3 and mixed micellar preparation). Control: placebo or no prophylaxis.
Outcomes and their definitions
The outcomes of interest were the incidence of classical and late VKDB in the neonatal period and infancy, respectively. VKDB was defined as any bleeding that occurred due to inadequate activity of vitamin K-dependent coagulation factors (diagnosed by prolonged prothrombin time but normal fibrinogen level and platelet count) and was correctable by replacement of vitamin K. Classic VKDB referred to VKDB occurring between 2 and 7 days of life while late VKDB referred to VKDB occurring after the first week of life up to 1 year of age.
Search methods for identification of studies We initially searched electronic bibliographic databases including MEDLINE, Embase, Cochrane CENTRAL, Web of Science, CINAHL, IndMed and the clinical trials website (www.clinicaltrials.gov) up to September 2009. We used the following search terms for searching Medline: (Newborn OR infan* OR neonat*) AND (vitamin K prophylaxis). Similar terms were used for searching the other databases. No language restrictions were used. We later updated the search in December 2013. Owing to practical reasons we could only update the search in MEDLINE, Cochrane CENTRAL and IndMed.
Related conference proceedings-for example, Pediatric Academic Societies annual meetings for the years 2000 to 2013 -were also searched for relevant abstracts. For further identification of ongoing trials, the website www.clinicaltrials.gov was searched.
We scanned the title and abstract of the retrieved citations to exclude those that were obviously irrelevant. We retrieved the full text of the remaining studies to identify relevant articles. The search strategy is summarized in the Supplementary Information (Supplementary Table 1 ).
Data extraction
Data extraction was carried out using a pre-designed data extraction form pilot-tested by the review authors (MJS, PK and RA). We extracted information on the study setting (country, type of population and socioeconomic status), study intervention (type of conventional treatment, description of vitamin K used-including dose and frequency), sample size, length of follow-up, randomization procedure, allocation concealment, risk of bias and outcomes as listed above.
For dichotomous outcomes, the total number of participants for each group and the number of participants experiencing an event were extracted. Three review authors (MJS, PK and AC) independently assessed the methodological quality of the selected studies. Quality assessment of the randomized trials was undertaken using the standard criteria of allocation concealment, blinding and completeness of follow-up (classified as yes, no or unclear). Disagreements between the authors were resolved by consensus.
Statistical analysis
For the first objective, data from the available studies were tabulated to obtain the median incidence of VKDB in LMICs and high-income countries. We intended to pool the incidence if the relevant data were available. For objective 2, meta-analysis of the studies with complete data was carried out using Stata 11.2 (StataCorp, College Station, TX, USA). We used the fixed effects model for meta-analysis. For categorical outcomes, the relative risk (RR) and 95% confidence interval (CI) are reported. For significant findings, the number needed to treat (NNT) was calculated along with 95% CIs.
RESULTS
A total of 883 citations were retrieved, of which 722 were excluded after screening the title/abstract. Of the remaining 161 citations, 15 were found to be eligible for inclusion in the review ( Figure 1 ).
Burden of late VKDB in populations that did not receive vitamin K prophylaxis Table 1 lists the studies that provided data on the incidence of VKDB in infants who did not receive vitamin K prophylaxis at birth. Almost all of the studies listed were surveillance studies in which different hospitals were requested to report on cases of hemorrhage disease of the newborn admitted during the study period. Table 2 summarizes the estimated burden of late VKDB in different settings. The median interquartile range burden in the absence of any prophylaxis is 35 (10.5 to 80) per 100 000 live births; the median burden in LMIC and high-income countries is 80 (72 to 80) and 8.8 (5.8 to 17.8) per 100 000 live births, respectively.
Effect of vitamin K prophylaxis on classical VKDB Only two trials 9,10 on vitamin K prophylaxis included classical hemorrhage disease of the newborn as one of the pre-defined outcome variables (Table 3) . Sutherland et al. used two different dosage regimes of vitamin K3 (100 mcg and 5 mg) and compared them with placebo. Enrolled neonates were either breast-or formula-fed and were followed-up for the occurrence of bleeding until discharge from the hospital (usually the fourth or fifth day of life). There was a significant reduction in the incidence of any bleeding (RR 0.73; 95% CI 0.56 to 0.96) as well as moderate to severe bleeding (RR 0.19; 0.08 to 0.46; NNT 74, 47 to 177) following vitamin K prophylaxis (Table 3 ). In the study by Vietti et al. vitamin K1 (5 mg IM) was administered to male neonates born on even-numbered days during a trial period of 3 months. There was a significant reduction in the incidence of secondary bleeding after circumcision in neonates who received vitamin K prophylaxis (RR 0.18, 0.08 to 0.42; NNT 9, 6 to 15). The results of the two studies could not be pooled because of the different nature of the outcomes (spontaneous bleeding vs post-circumcision bleeding).
Effect of vitamin K prophylaxis on late VKDB We did not find any randomized or quasi-randomized trials that evaluated the effect of vitamin K prophylaxis on the incidence of late VKDB. Therefore, we used data from nationwide surveys conducted in four countries to estimate the effect (Table 4) of vitamin K prophylaxis.
A total of five nationwide surveys on VKDB were conducted in Japan over a period of 20 years from 1981 to 2004. 11, 12 It is not clear whether the neonates received routine vitamin K prophylaxis at the time of the first survey, but almost all neonates received prophylactic vitamin K during the subsequent surveys. The incidence of VKDB declined nearly four times from 10.5 per 100 000 live births in the first survey to 2.8 (95% CI 2.0 to 3.8) per 100 000 by 1988 (third survey), and further to 1.9 (1.2 to 3.0) per 100 000 live births by the fifth survey. 12 Records excluded (n=146) Figure 1 . Flow chart depicting the selection of studies included in the review. RCT, randomized control trial. von Kries evaluated the efficacy of vitamin K prophylaxis in prevention of VKDB in early infancy during a 15-month period between 1988 and 1989. 13 The number of cases of VKDB and exposure to vitamin K prophylaxis were collected by a questionnaire sent to all pediatric hospitals in then West Germany; the population denominators were collected by a survey of all obstetric hospitals. Response rates were 85 and 68% from pediatric and obstetric hospitals, respectively. About 56% of the hospitals employed single parenteral prophylaxis (1 mg IM or subcutaneous), 19% used oral prophylaxis (1 to 2 mg given as a single dose at birth) and 19% did not give any prophylaxis. No data were available for 7% of hospitals. Thirteen cases of VKDB in early infancy were confirmed (10, 1 and 2 in no prophylaxis, parenteral and oral prophylaxis groups, respectively). IM vitamin K reduced the risk of late VKDB by~97% while prophylaxis by the oral route reduced the risk by 80% (Table 4 ). In a study by McNinch and Tripp, cases of VKDB were enrolled over 2 years from 1988 to 1990 by means of the report card system of the British Paediatric Surveillance Unit.
14 Birth data were obtained from the Office of Population Censuses and Surveys and from the Central Statistics Office. Out of the 27 infants with VKDB, 20 did not receive any prophylaxis while the other seven received oral prophylaxis. Ten infants developed intracranial bleeding. None of the infants who received IM prophylaxis developed VKDB. The RR of late VKDB in infants who received IM vitamin K prophylaxis as compared with those who did not receive prophylaxis was 0.01 (95% CI 0.001 to 0.21); the corresponding RR in infants receiving oral prophylaxis was 0.35 (0.13 to 0.93). 14 In the Thailand surveillance study reported by Chuansumrit et al., two time periods were studied-1981 to 1984 when no prophylaxis was routinely used, and between 1988 and 1995 when most neonates were supplemented (2 mg orally for normal and 0.5 to 1 mg IM for sick neonates). The response rates in the survey were 58.2 and 67%, respectively, for the two time periods. VKDB (total n = 830) was reported mainly in exclusively breastfed infants (92%) who did not receive vitamin K prophylaxis at birth (90%). The incidence of VKDB significantly declined from 72 per 100 000 live births in the earlier time period to 4.2 to 7.8 per 100 000 live births in the later period. 15 The incidence of intracranial hemorrhage was high (82%) as was the case fatality rate (24%).
Pooled analysis of the two studies from Germany and the United Kingdom showed a significant reduction in the incidence of late VKDB following IM vitamin K prophylaxis (Figure 2 ).
DISCUSSION
The current review attempts to answer an important area of uncertainty in the routine care of all neonates at birth. The major findings of the review are: (1) a significant burden of late VKDBparticularly in LMICs-in the absence of routine vitamin K prophylaxis; and (2) the huge benefits observed on the incidence of late VKDB following routine prophylaxis at birth. Although the quality of evidence for the latter is low because of the lack of randomized controlled trials, the finding has major implications for policy-making.
The burden of late VKDB is significant in the absence of vitamin K prophylaxis at birth. Given the high risk of mortality and adverse neurodevelopmental outcomes in the survivors-22 and 25% to 67%, respectively, in one study from Thailand 16 -the burden assumes importance from a public health point of view. The reported incidence did vary widely in the included studies, possibly because of the different settings-LMICs vs high-income countries ( Table 1 ). The median (interquartile range) incidence in the former was found to be almost 10 times than that of the latter-80 (72 to 80) vs 8.8 (5.8 to 17.8) per 100 000 live births (Table 2) . Interestingly, the difference between the two settings persists even with the introduction of vitamin K prophylaxis, the magnitude of difference being almost the same (6 vs 0.76 per 100 000 live births; Supplementary Table 2 ). The possible reasons for this discrepancy are the differences in ethnicity, seasonality and latitude (higher incidence in summer-tropical countries are likely to have a higher incidence), and exclusive breastfeeding rates (owing to low vitamin K content in breast milk as opposed to formula and maternal nutritional status). 13 We did not find any randomized trial evaluating the effect of routine prophylaxis at birth on the incidence of late VKDB. The only two available randomized trials on IM vitamin K vs placebo at birth examined the effect on classical VKDB. Both of them were conducted in the 1960s, used IM vitamin K3 for prophylaxis, and demonstrated a significant reduction in the incidence of bleeding of any severity in the first week of life (Table 3) . 9 ,10 A few other randomized trials compared either a single oral dose of vitamin K The effect of vitamin K on late VKDB is currently available from only four surveillance studies. The pooled effect of the two studies with complete data demonstrated a 98% reduction (95% CI 90 to 100%) in the incidence of late VKDB following IM vitamin K prophylaxis (Figure 2 ). Assuming the control risk to be 80 per 100 000 live births (median incidence in LMICs), the NNT to prevent one additional case of major clinical bleeding in infancy due to vitamin K deficiency would be 1275 (95% CI 1042 to 1667). Admittedly, the NNT is not small but the easy availability of the drug, ease of administration (single dose at birth that does not involve additional visits for the family or health providers), low cost 17 and the apparent lack of major adverse effects (see below) tilt the balance in favor of universal prophylaxis at birth. Assuming a cost of US$ 1.00 per injectable dose, Victora and Van Haecke estimated that saving one disability-adjusted life year would cost US$ 52 and US$ 133 in high-and intermediate-incidence scenarios, respectively. 17 As per a World Bank report that classifies interventions costing under $100 per disability-adjusted life year as cost-effective, 18 IM vitamin K prophylaxis would be costeffective in high-incidence scenarios, that is, incidence of 72 or more per 100 000 live births.
Between the two routes of administration of vitamin K, IM route was found to be more beneficial than the oral route in the two studies from Germany and the United Kingdom. The reported RRs for IM and oral routes were 0.03 and 0.2, respectively, in the former study 13 and 0.01 and 0.35, respectively, in the latter study.
14 The disadvantage of oral vitamin K may possibly be due to poor absorption and a shorter duration of effect. Indeed, multiple oral doses of vitamin K seemed to offer an advantage over a single oral dose. For example, in the British surveillance study, a significantly higher risk of VKDB was observed in infants receiving a single dose of oral vitamin K than in those receiving IM prophylaxis at birth (RR 24.53; 95% CI 7.4 to 81); no such difference was found in infants receiving multiple oral doses extending beyond the first week of life (RR 3.64; 0.82 to 16.3). 19 The Cochrane review also found no evidence of a difference between the oral and IM route in effects on biochemical indices of coagulation status. 20 As compared with IM prophylaxis, multiple oral doses are cheaper and do not have the theoretical risk of mutagenicity. 17, 21 However, they are not easily available in many LMICs.
Strengths and limitations
We have attempted to systematically review and synthesize the available evidence on the burden of VKDB and the effects of The published study reported all forms of VKDB-data provided here (on late VKDB) are from the review by von Kries. 13 Figure 2. Effect of intramuscular vitamin K prophylaxis on late vitamin K deficiency bleeding. ES, effect size; ID, identification. vitamin K prophylaxis on the incidence of VKDB. Unlike the Cochrane review, we included observational studies to evaluate the effects of routine prophylaxis so that policy-makers and other stakeholders may make an informed decision. We focused on only the outcomes of public health interest such as major bleeding, and not on biochemical parameters such as vitamin K levels.
This review has major limitations. First, we did not evaluate the safety of the intervention. Although later studies did not confirm the association between IM vitamin K prophylaxis and the risk of childhood cancer, the theoretical possibility of mutagenicity cannot be excluded. Second, the evidence for an effect on late VKDB is available only from surveillance studies. Because of the low response rates in many of these surveys, the actual incidence of late VKDB may have been underestimated.
Implications for policy-makers With significant benefits observed in the incidence of VKDB, policy-makers and other stakeholders are likely to give a high value to the routine administration of IM vitamin K (1 mg) at birth. The WHO also now recommends routine prophylaxis in all resource-restricted countries. 8 Implications for researchers There is a definite need to evaluate the efficacy of using smaller doses (between 100 and 1000 mcg) of IM vitamin K in preterm infants. In addition, the effect of multiple oral doses vs IM vitamin K in term neonates needs to be evaluated systematically.
CONCLUSIONS
There is low-quality evidence from observational studies that routine IM administration of 1 mg of vitamin K at birth reduces the incidence of late VKDB during infancy. Given the high risk of mortality and morbidity in infants with late VKDB, it seems advisable to administer IM vitamin K prophylaxis to all neonates at birth. Future studies should compare the efficacy and safety of multiple oral doses with IM vitamin K and also evaluate the optimal dose of vitamin K in preterm neonates.
